Purpose: This study aimed to evaluate the toxicity of prostate and pelvic lymph node stereotactic body radiation therapy (SBRT) for high-risk prostate cancer. Methods and Materials: Twenty-three patients with high-risk or lymph node-positive prostate cancer were treated with SBRT that delivered 37.5 to 40 Gy in 5 fractions to the prostate and seminal vesicles, with concomitant treatment of the pelvic nodes to 25 Gy. In general, patients received neoadjuvant, concurrent, and adjuvant androgen deprivation therapy for a duration of 18 months. Toxicities were evaluated with the Common Terminology Criteria for Adverse Events, version 3.0. The median follow-up was 19 months (range, 3-48 months). Results: Acute grade 1 gastrointestinal (GI) toxicities were noted in 2 patients (9.1%). No patient experienced acute grade !2 GI toxicity. Acute genitourinary (GU) grade 1, 2, and 3 toxicities were observed in 7 patients (31.8%), 8 patients (36.4%), and 1 patient (4.5%), respectively. Late grade 2 GI and GU toxicities were observed in 2 patients (9.1%) and 6 patients (27.3%), respectively. No late grade !3 GI toxicity was noted. Late grade !3 GU (hemorrhagic cystitis) was noted in 1 patient (4.5%), which responded to laser fulguration. Conclusions: SBRT with pelvic lymph node radiation therapy was feasible and well tolerated. The incidence of grade !3 GU and GI toxicities was uncommon. Continued follow-up will be required to determine the long-term safety and efficacy of this approach for high-risk patients.
Introduction
A standard approach for the radiotherapeutic management of high-risk prostate cancer is the use of highdose external beam radiation therapy delivered with conventional fractionation in conjunction with androgen deprivation therapy (ADT). Recently, the results of 6 randomized trials have demonstrated that employing a moderate hypofractionated schedule of 60 to 70 Gy with 2.5 to 3.4 Gy per fraction was associated with efficacy comparable to what was achieved with conventional fractionation techniques. [1] [2] [3] [4] [5] [6] However, the radiation field in these trials included only the prostate or the prostate and seminal vesicles.
There has been increasing interest in the use of stereotactic body radiation therapy (SBRT) in prostate cancer during the last 5 to 10 years. Most patients who are treated with this approach have low or intermediate risk, and the use of SBRT for high-risk disease is still being evaluated. Yet, in a recent review, Gonzalez-Motta and Roach identified 20 studies with a relatively small number of patients with short median follow-up times in which high-risk patients were treated with SBRT monotherapy or SBRT was used as a boost to the prostate after the delivery of whole pelvis/prostate treatment. 7 Although the preferred radiotherapeutic intervention for high-risk disease at our institution is brachytherapy combined with external beam radiation therapy, in selected patients, SBRT had been used to treat the prostate while simultaneously delivering a lower dose of SBRT to the pelvic lymph nodes. Most of these patients were not candidates for a brachytherapy boost because of medical comorbidities, the presence of baseline urinary symptoms, or logistic considerations for patients who were eager to undergo only short-course therapy. Herein, we report on the treatment technique employed and early tolerance outcomes experienced in this cohort.
Methods and Materials Patient characteristics
From April 2009 to April 2018, 80 patients who were treated with SBRT monotherapy and classified as having high-risk disease, including radiographically nodepositive disease, were identified. All initial prostate biopsies were reviewed, and the Gleason score was confirmed by an institutional pathologist. Among these 80 patients, 23 received SBRT to the prostate with simultaneous dose painting to the pelvic nodes and represent the subjects of this report. The remaining patients received SBRT to the prostate and seminal vesicles only; the lymph nodes were excluded because these patients were either treated on an SBRT trial in which nodal radiation fields were not included, had coexisting significant medical comorbidities, or were >80 years of age. Table 1 shows the patient characteristics of these 23 patients.
Treatment technique and schedules
Initially, all patients underwent fiducial marker placement. In general, 3 fiducial markers of 3 mm length and 1.2 mm diameter were transperineally placed into the prostate under transrectal ultrasound guidance. These markers were used to confirm and monitor the prostate position before and during each SBRT treatment. The Patients were simulated with an empty rectum and full bladder per the institutional guidelines 1 week after fiducial marker placement. For the rectum preparation, patients were instructed to take an enema the day before and the day of the simulation and on the day of each treatment. During simulation, patients underwent Foley catheter insertion for urethral visualization. Patients were instructed to drink 8 ounces of water 45 minutes before imaging to distend the bladder; and this was repeated prior to each treatment. Patients were immobilized in the supine position with a custom thermoplastic mold (Aquaplast) that extended from the abdomen to the midthigh and ankle support. Computed tomography (CT) simulation was performed with 2-mm slice thickness extending from L1 to mid-femur. CT simulation was followed by magnetic resonance (MR) simulation on a 3T scanner in the treatment position to incorporate patients' immobilization with the use of an indexed, flat tabletop. Since June 2016, MR-only simulation and planning for prostate SBRT has been routinely used at our institution. A commercial synthetic CT software called MRCAT (MR for Calculating Attenuation) was used to generate the synthetic CT. The details of the algorithm, dosimetric validation, and clinical implementation have been described previously. 8, 9 The algorithm uses a single mDIXON MR sequence along with a constrained shape model to estimate body contour and to segment bone structures. Five tissue types are classified, and a bulk electron density is assigned to these tissues to generate a synthetic CT. MR-based contouring and planning was performed in 16 patients (69.6%). The remaining patients were simulated with CT only due to MR contraindication, including cardiac pacemaker, prosthetic heart valve, or multiple vascular stent.
The clinical target volume (CTV) for the prostate included the entire prostate, involved extraprostatic tissue, and bilateral seminal vesicles. To create a planning target volume (PTV), 5-mm anterior and lateral, 3-mm posterior, and 2-mm superior-inferior margins were applied to the CTV. The CTV for the lymph nodes (CTV_NODES) was delineated along the bilateral external iliac vessels and internal iliac vessels, as seen on MR, in accordance with the Radiation Therapy Oncology Group guidelines. The PTV of the lymph nodes (PTV_NODES) was variable depending on the bowel and bladder volume presentation. Generally, PTV_NODES were defined as CTV_NODES plus a 5 to 8 mm margin in all directions. PTV margins around the nodes were tightened when overlap was noted in the bowel and bladder. The summation of the CTV_NODES plus PTV_NODES margin around the pelvic vessels was approximately 10 mm (range, 6-15 mm), and MR-based contouring facilitated the use of tighter margins than CT-based contouring. Organs at risk, including the rectum, bladder, femoral heads, large bowel, small bowel, bladder trigone, and urethra, were also outlined.
A total dose of 37.5 to 40 Gy in 5 fractions delivered on alternating days was prescribed to the PTV, with a concomitant reduced dose to the PTV_NODES, which received 25 Gy in 5 fractions. There was no additional dose to gross pelvic nodes in positive-node patients because gross pelvic nodes disappeared after neoadjuvant ADT or underwent pelvic lymphadenectomy before simulation. Doseevolume tissue constraints for treatment planning are shown in Table 2 . The D95 of the PTV achieved 90% to 100% of the prescription dose with a mean dose that ranged from 99% to 104%. On average, 85% of the PTV received the prescription dose with a range of 67% to 95%. The D95 of the PTV_NODES achieved 95% to 103% of the prescription dose, with a mean dose that ranged from 101% to 111%. The average nodal PTV volume that received the prescription was 96% (range, 88%-100%). All normal tissue constraints were met.
Treatment plans were generated with the Analytical Anisotropic Algorithm using the Eclipse treatment planning system (Varian Medical Systems, Inc.), versions 11.0 and 13.6, in 12 and 10 patients, respectively. The inhouse treatment planning system (top module) was used for 1 patient. The maximum dose rate was 600 MU/min. Patients were either planned with static 9-field intensity modulated radiation therapy (IMRT; n Z 3) or 3-or 4-arc volumetric arc therapy (VMAT; n Z 20). Figure 1 shows the dose distribution from a 3-arc VMAT plan, overlaid on a T2w MR imaging scan.
Patients initiated SBRT treatment within 2 weeks after simulation. Full-bladder and empty-rectum protocols were carried out before each treatment day. At our institution, daily 2-dimensional orthogonal KVs are used to position patients based on implanted fiducial markers. Two-dimensional KVs are followed by cone beam CT acquisition. Our physicians evaluate the bladder and rectum filling on daily cone beam CT scans to ensure that the change in filling did not cause a significant shift in prostate motion and the seminal vesicles have not moved out of the PTV. Patients are often repositioned (tilt is adjusted) if the bones are off by >0.5 cm when cone beam CT scans are matched to the planning CT based on implanted fiducials. Cone beam CTs are done before treatment. Intrafraction movement is monitored using Elipse intrafraction monitoring software, called IMR, which is based on a single 2-dimensional KV image acquired during treatment, either after a set MU for IMRT plans or preset gantry intervals for VMAT.
All patients in this cohort were treated with neoadjuvant, concurrent, and adjuvant ADT. ADT was planned in general for a total duration of 18 months, using luteinizing hormoneereleasing hormone agonist via intramuscular injection.
Assessment of treatment outcome and toxicities
The follow-up schedule was 3 months after completion of radiation therapy, and subsequently every 3 to 6 months for the first 2 years and annually thereafter. For each visit, patients were evaluated for rectal and urinary toxicities in accordance with the Common Terminology Criteria for Adverse Events, version 3.0, grading system. Acute toxicity was defined as any toxicities that occurred within 3 months after radiation, and late toxicity was defined as any toxicities that occurred thereafter. All patients were available for gastrointestinal (GI) and genitourinary (GU) toxicity assessment. However, only 22 patients were evaluable for late GI/GU toxicity. Prostatespecific antigen was obtained at 3 months after the end of radiation therapy, and then 6 months thereafter. Patients who reached 2 years of follow-up after treatment were encouraged to undergo a posttreatment biopsy, which is our institutional standard of practice after SBRT. Biochemical failure was assessed using the Phoenix definition (prostate-specific antigen nadir þ 2 ng/mL).
Statistical analysis
These retrospective data were locked at the end of July 2018. The follow-up time was calculated between the last follow-up date and the end date of radiation therapy. Descriptive analyses were summarized as means with standard deviations (SD), and medians with ranges for normally and nonnormally distributed continuous characteristics. Frequencies and proportions were reported for categorical characteristics. The Shapiro-Wilk normality test was used for distributed testing.
Results
The maximal toxicity incidence rates are summarized in Table 3 . The median follow-up time was 19 months (range, 3-48 months) The maximum acute grade 1 GI toxicities were observed in 2 patients (9.1%). No grade !2 acute GI toxicities were noted. Patients who had acute GI toxicity experienced diarrhea, which resolved after treatment completion. The maximum acute GU toxicities were grade 1 in 7 patients (31.8%), grade 2 in 8 patients (36.4%), and grade 3 in 1 patient (4.5%). The most common GU toxicity was urinary frequency and urgency (70%). In almost all patients, symptoms were ameliorated after taking alpha blocker medications, except in 1 patient who experienced grade 3 GU toxicity of acute urinary retention and frequency that required catheterization.
Late GI toxicity was grade 1 in 2 patients (9.1%) and grade 2 in 2 patients (9.1%). No patient experienced grade !3 late GI toxicity. Patients who had grade 2 late GI toxicity presented with rectal bleeding. In the first patient, a colonoscopy diagnosed hemorrhoidal disease without active bleeding. The second patient had underlying atrial fibrillation and was treated with an oral anticoagulant; this patients received a diagnosis of radiation proctitis at 7 months from completion of SBRT and required argon plasma laser cauterization via sigmoidoscopy. Late grade 1 and grade 2 GU toxicities were observed in 8 (36.4%) and 6 (27.3%) patients, respectively. Grade !3 late GU toxicities was observed in 1 patient. Urinary frequency and urgency were the most common in grade 2 late GU toxicities and were noted in 4 of the 6 patients who experienced grade 2 toxicity. In contrast, the other 2 patients experienced grade 2 urinary retention and mild urge incontinence.
All symptoms fully resolved during the follow-up period, except in 1 patient who continued to require alpha blocker medications for chronic urinary frequency and urgency. The patient who experienced grade 3 late GU toxicity developed hematuria, which required a blood transfusion and intervention at 22 months after treatment. Cystoscopy revealed radiation cystitis. Of note, this patient had prior aortic valve replacement that required ongoing anticoagulation therapy. He had no further hematuria after focal cystoscopic fulguration. The incidence of each acute and late toxicity profile is shown in Table 4 .
The mean duration of ADT was 13.0 AE 7.1 months. The major reasons for ADT discontinuation were intolerable side effects in 5 patients (21.7%), preferences of prescribed physician in 5 patients (21.7%), and patient refusal in 3 patients (13.0%). One patient (4.3%) with controlled prostate cancer died of recurrent lung cancer. The 2-year PSA relapse-free survival was 95.7%. A total of 9 of 23 patients (39.1%) reached the 2-year time point in their follow-up, and 6 underwent prostate rebiopsy. Five of 6 patients had negative biopsy results, and 1 patient had a positive biopsy result in 7 of 16 core biopsy tissues sampled. All rebiopsy patients were biochemically controlled at the time of the biopsy.
Discussion
This retrospective report highlights the feasibility of achieving the established target and normal tissues dosevolume constraints that were set, as well as early tolerance outcomes for concomitant treatment of high-dose SBRT to the prostate and a simultaneous lower dose to pelvic lymph nodes. In addition to the patient convenience of a shortcourse regimen, hypofractionated regimens may offer a superior radiobiologic advantage in delivering a higher biological dose to the lymph nodes. Using an alpha/beta ratio of 1.5 Gy, the biological effective dose is 108.3 Gy for a total dose of 25 Gy in 5 fractions versus 99 Gy for a total dose of 45 Gy in 25 fractions. A low incidence of acute toxicities was noted, and late toxicities to date have been comparable with the tolerance outcomes observed with whole pelvic IMRT-based treatment. 10, 11 Longer followup will be required to confirm these findings.
The application of pelvic nodal SBRT concomitant with SBRT to the primary site for high-risk patients has been reported by others and is currently under evaluation in the ongoing prospective SATURN 12 and SPORT trials. 13 Murthy et al enrolled 68 high-risk and positive-node patients.
14 In their analysis, 31 patients (45%) received a total dose of 35 to 37.5 Gy to the prostate concomitant with 25 Gy to the pelvic region. All patients had nodepositive disease. At a median follow-up time of 18 months, pelvic nodal radiation therapy resulted in acceptable GI and GU toxicity. Acute grade 2 GI and GU toxicities were 3% and 12%, respectively, for the entire cohort. No acute grade !3 GI or GU toxicity was noted. Late grade 3 GI and GU toxicities were 0% and 3%, respectively.
The phase 1/2 SATURN study recently reported on the feasibility and tolerance of gantry-based SBRT, delivering 40 Gy to the prostate concurrent with 25 Gy to the pelvis and seminal vesicles in 5 weekly fractions. 12 ADT was used for 12 to 18 months. Thirty patients were enrolled in this study. With a median follow-up of 25.7 months, grade 2 GU and GI toxicities were observed in 46.7% and 3.3%, respectively, at 3 months, and 52% and 32%, respectively, at !6 months. No grade !3 toxicities were noted.
Bauman et al reported on a phase 1/2 study of SBRT delivering 40 Gy to the prostate synchronously with 25 Gy to the pelvic nodes in 1 fraction per week over 5 weeks. 15 Accrual to the trial was terminated early after 15 patients were treated because of the observed higherthan-anticipated late toxicities, which yielded a 60% incidence of grade !2 GI or GU toxicity and 26% of grade !3 GI or GU toxicity at 6 months. The authors indicated that the higher toxicity rates observed in the study at 6 months after completion of therapy are likely related to several factors, such as the larger margins of 5 mm circumferentially used for the PTV of the prostate, which was based on CT rather than MR imaging for target delineation. In addition, the use of cone beam CT without fiducial markers for image guidance and the inclusion of frail patients with significant comorbidities may have further contributed to the higher toxicity profile reported.
In the same study, 15 3 patients developed grade 3 rectal bleeding that required argon plasma coagulation, and 1 patient developed a grade 4 small bowel obstruction. In contrast with these findings, we did not observe grade !3 acute/late GI toxicities and only noted 1 acute and late grade 3 GU toxicity each of urinary retention and GU hemorrhage, respectively, which subsequently resolved. Our well-tolerated profile may be associated with our tighter margins for the PTV of the prostate, the use of MR-based contouring and treatment planning, and possibly the use of a hydrogel spacer in selected patients (although only 20% of this cohort were treated with a hydrogel spacer). The use of a spacer has been associated with a reduction of the rectal dose, decreased toxicity, and improved quality of life among patients treated with conventionally fractionated external beam radiation therapy regimens, as reported by Hamstra et al. 16 Of note, we currently do not recommend the placement of spacers in patients with gross posterior-located extracapsular disease.
The outcome of SBRT in the published literature for high-risk patients is summarized in Table 5 . In all but 3 other studies, SBRT was directed to the prostate and seminal vesicles only. Three studies report on the longterm biochemical relapse-free survival outcomes of high-risk prostate cancer. [17] [18] [19] With the fractionation scheme ranging from 32 to 40 Gy in 4 to 5 fractions, the 5-year biochemical relapse-free survival rate was 69% to 91%. The current study demonstrated biochemical control of 95.7%. Nevertheless, a comparison of outcomes is limited by the short follow-up time and residual suppressive effects of ADT in the current study. Although the incidence of grade !3 GI or GU toxicity was very low in this series, we recognize that small bowel and rectal toxicities are potential concerns for elective pelvic nodal irradiation, and the value and role of elective nodal radiation, especially in the setting of SBRT, is unknown. The Radiation Therapy Oncology Group study 09-24 is examining the impact of pelvic nodal radiation in a 2-arm design in the setting of patients treated with doseescalated conventionally fractionated external beam radiation therapy. In this trial, patients undergo external beam radiation therapy using 45 Gy to the pelvis, followed by a boost of 79.2 Gy to the prostate or prostate radiation therapy alone. Long-term ADT is used in both arms.
There are several limitations of this report, including its retrospective nature, the limited follow-up, and the fact that, to date, the role of SBRT to the prostate concomitant with pelvic radiation for high-risk prostate cancer is not well established. We note that although SBRT has been used for high-risk disease, its use for this cohort of patients is not established and is more routine for low-and intermediate-risk patients. Albeit with a short follow-up, SBRT in this report appears to yield results similar to those achieved with conventionally fractionated treatments.
The intent of this report is to present our technique for SBRT with concomitant treatment of the nodes. It is possible that late toxicity could be higher with a longer follow-up, and these patients will need to be followed carefully. Although a comparison with brachytherapy, followed by prostate/pelvic node radiation therapy, is outside the scope of this study, our initial report on SBRT with simultaneous pelvic node boost indicates that this approach is feasible and early toxicity outcomes are acceptable.
Although the intent for the patients reported here was to deliver a duration of 18 months of ADT, the median duration was 13 months because 50% of patients were elderly and experienced significant ADT symptoms. Finally, the potential tumor control advantage of adding nodal treatment in high-risk node-negative patients undergoing prostate SBRT is still unclear and will require further investigation. Conclusions Dose-painting SBRT to the prostate gland with concurrent pelvic node irradiation in 5 fractions was associated with a favorable toxicity profile and excellent early tumor control outcomes. This technique requires further prospective evaluation with a larger cohort of patients to confirm our findings.
